Application No. 10/699.153 
Attorney's Docket No. TNCR.196US2 

Page 2 

claims in U.S. Published Application No. 2002/0158193 (U.S. Patent Application 
No.10/074,561, now U.S. Patent No. 6,819,426 to Sezginer et al.). Pending claims 78-133 
were copied into the present application on August 2, 2005 as substantial copies of selected 
issued claims of U.S. Patent No. 6,772,084 to Bischoff et al. Pending claims 134 - 204 were 
copied into the present application on October 1 1, 2005 as substantial copies of selected 
issued claims of U.S. Patent No. 6,804,005 to Bischoff et al. While each of the amendments 
copying the claims identified the application and patents from which the claims were copied, 
no request for declaration of an interference was filed and is not being filed herein. 
Notwithstanding, the Applicants respectfully provide the requested information described 
under 37 C.F.R. § 41.202 below. 

Office Action Mailed June 8. 2006 

In addition to the above comments, the Applicants respectfully also respond to the 
June 8, 2006 request for information regarding the additional pending claims 205 - 259, with 
the following comments. The document filed on February 7, 2006 was a Power of Attorney, 
not an amendment, nor a response to the December 27, 2005 Office Action. Pending claims 
205 - 259 were copied into the present application on February 15, 2006 as substantial copies 
of the issued claims of U.S. Patent No. 6,855,464 to Niu et al. The February 15, 2006 
amendment noted that claims 205 - 259 were being added to avoid any question of 
compliance with 35 USC § 135(b) should the Applicants decide, after completing their 
analysis, that the subject claims are patentable, that the present application is directed to the 
same invention as those clams, and that an interference is appropriate. No request for 
declaration of an interference was filed. 

REMARKS 

The present application ("the '153 application") was filed October 30, 2003 as a 
continuation of U.S. Patent Application Serial No. 09/833,084, filed April 10, 2001 (now 
abandoned). The present application published November 18, 2004 as U.S. Published Patent 
Application No. 2004/0229471. 

The present application was subject to a restriction requirement, mailed July 27, 2005. 
Applicants responded on August 26, 2005, electing claims 55 - 62 and withdrawing from 
examination claims 63 - 77. An Office Action was mailed December 27, 2005, requesting 
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information under 37 C.F.R, § 41.202 regarding claims 78 - 204. A further Office Action was 
mailed June 8, 2006, requesting information under 37 C.F.R. § 41.202 regarding claims 78 - 
259. The Applicants provide the requested information in the present Response as best they 
can, given the fact that they have not to date requested declaration of an interference. 

The Applicants want to advise the Examiner that claims 55 - 62 are substantially 
identical to, and have been copied from, claims 1 - 5, 7, 10, and 11, respectively, of U.S. 
Published Application No. 2002/0158193 (U.S. Patent Application No. 10/074,561, now U.S. 
Patent No. 6,819,426 to Sezginer et al.) ("the '193 published application"). Claims 57, 58, 
and 61 are substantially identical to issued claims 1, 2, and 8 of U.S. Patent No. 6,819,426 to 
Sezginer et al. Claims 78- 133 are substantially identical to, and have been copied from, 
claims 1 - 9, 11 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 52, 53, 55, 57, 58, 60, 62, 
63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91, respectively, of U.S. Patent No. 6,772,084 to 
Bischoff et al. ("the '084 patent"). Pending claims 134 - 204 are substantially identical to, 
and have been copied fi-om, claims 1 • 3, 8, 13, 9, 10, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 
- 65, 69, 74 - 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 114-116, respectively, of 
U.S. Patent No. 6,804,005 to Bischoff et al. ("the '005 patent"). Claims 205 - 235 are 
substantially identical to, and have been copied from, claims 1-31, respectively, of U.S. 
Patent No. 6,855,464 to Niu et al. ("the '464 patent"). Claims 236 - 259 are substantially 
identical to, and have been copied from, claims 1 - 10, 15 - 19, 21 - 28, and 31, respectively, 
of the '464 patent. 

Thus, claims 55 - 62 and 78 - 259 are pending in the present application, claims 63 - 
77 having been withdrawn from consideration pursuant to a restriction requirement. 
Exemplary description for claims 55 - 62 and 78 - 259 in the present application is presented 
in Appendix A for the convenience of the Examiner, with citations to the '153 application as 
published on November 1 8, 2004. 

37 CF,R. S 41.202 

Applicants present the current paper in response to two requests for information by the 
Patent Office, mailed December 27, 2005 and June 8, 2006. Applicants respectfully note that 
they have not, to date and as noted in their February 15, 2006 Amendment, completed their 
analysis that the subject claims are patentable, that the present application is directed to the 
same invention as these claims, and that an interference is appropriate. Accordingly, 
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Applicants have not requested declaration of an interference and supply the present 
information only in response to the requests made by the Examiner in the December 27, 2005 
and June 8, 2006 Office Actions. 



Table of Appendices 

Appendix A: Exemplary written description support in the '153 specification, as filed and as 
published, for the present pending claims 55 - 62 and 78 - 259 as copied from the '193 
published application, the '084 patent, the '005 patent, and the '464 patent. 
Appendix B: Presentation of a proposed count in the alternative. 
Appendix C: Claims 1, 2, and 8 of the '426 patent. 

Appendix D: Claims 1 - 9, 11 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 52, 53, 55, 
57, 58, 60, 62, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91 of the '084 patent. 

Appendix E: Claims 1 - 3, 8 - 10, 13, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 - 65, 69, 74 - 
76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 114-116 of the '005 
patent. 

Appendix F: Claims 1 - 31 of the '464 patent. 

Appendix G: A side-by-side comparison of the first alternative of the count compared to one 
claim of the '084 patent and one claim of the '153 application. 

Appendix H: A side-by-side comparison of the second alternative of the count compared to 
one claim of the '084 patent and one claim of the * 153 application. 

(1) Identification of the Patents With Which the Appiicants Seek an Interference 

The patents which claim subject matter which interferes with subject matter claimed 
in the present application are U.S. Patent No. 6,819,426 to Fitzgerald, et al. for "Overlay 
Alignment Metrology Using Diffraction Gratings;" U.S. Patent No. 6,772,084 to Bischoff et 
al. for "Overlay Measurements Using Periodic Gratings;" U.S. Patent No. 6,804,005 to 
Bischoff et al. for "Overlay Measurements Using Zero-Order Cross Polarization 
Measurements;" and U.S. Patent No, 6,855,464 to Niu et al. for "Grating Test Patterns and 
Methods for Overlay Metrology." 
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(2) (a) Identification of all Claims the Applicants Believe Interfere 

The Applicants believe that claims 1, 2, and 8 of the '426 patent interfere, 
respectively, with claims 57, 58, and 61 of the '153 application. The asserted interfering 
claims of the '426 patent are presented in Appendix C for the convenience of the Examiner. 
The Applicants believe that claims 1 - 9, 1 1 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 
52, 53, 55, 57, 58, 60, 62, 63, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91 of the '084 patent 
interfere, respectively, with claims 78 - 133 of the '153 application. The asserted interfering 
claims of the '084 patent are presented in Appendix D for the convenience of the Examiner. 
The Applicants believe that claims 1, 3, 8, 13, 9, 10, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 - 
65, 69, 74 - 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 1 14 - 116 of the '005 patent 
interfere, respectively, with claims 134 - 204 of the '153 application. The asserted interfering 
claims of the '005 patent are presented in Appendix E for the convenience of the Examiner, 
The Applicants believe that claims 1 - 31 of the '464 patent interfere, respectively, with 
claims 205 - 235 of the '153 application. The Applicants believe that claims 1 - 10, 15 - 19, 
21-28, and 31 of the '464 patent also interfere, respectively, with claims 236 - 259 of the 
'153 application. The asserted interfering claims of the '464 patent are presented in 
Appendix F for the convenience of the Examiner. 

(b) Presentation of a Proposed Count 

The interfering subject matter between the '153 application and each of the '426, 
'084, '005, and '464 patents relates to a system and method of obtaining overlay 
measurements for a semiconductor wafer, wherein a first grating and a second grating are 
formed on the wafer, and wherein a diffraction signal of the first and second gratings is 
measured for determining a misalignment between the first and second gratings and 
comparing the diffraction signal to determine a possible misalignment during the manufacture 
of the wafer. See the '153 published application at abstract and paragraphs 0001, 0002, 0003, 
0008, and 0038. See the '426 patent at abstract, Col. 1, lines 13-26; Col. 6, line 63 - Col. 7, 
line 1; Col. 7, lines 23 - 50. See the '084 patent at abstract; Col. 1, lines 7 - 10 and lines 36 - 
48; Col. 4, line 62 - Col. 5, line 14. See the '005 patent at abstract; Col. 1, lines 9 - 13 and 
lines 39 - 49; Col. 4, line 58 - Col. 5, line 10. See the '464 patent at abstract; Col. 1, lines 14 
- 18; Col. 2, lines 17-25; Col. 5, lines 55 - 67. Attached Appendix B sets forth a proposed 
count of the interfering subject matter, in the alternative. Appendix B shows the count as 
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consisting of claim 18 of the '084 patent, which corresponds to claim 93 of the '153 
application. While a method claim has been proposed as the count, the Applicants note that 
the interfering claims also include system claims. While the Applicants believe that the 
method claims and the system claims are directed to the same subject matter as evidenced, at 
least in part, by the lack of any restriction requirement in the claims, a second count directed 
to system claims can be proposed should the Examiner believe such a second count would be 
appropriate. 

(c) Showing How the Claims of the ^426. ^084. ^005, and ^464 Patents Correspond 
to the Proposed Count 

The '426 Patent 

Independent claims 1, 2, and 8 of the '426 patent are believed to correspond to the 
proposed count. The proposed count and independent claims 1, 2, and 8 of the '426 patent 
are directed to a method of obtaining overlay measurements for a semiconductor wafer by 
forming first and second sets of gratings on the wafer, wherein the sets of gratings are 
intended to be formed on the wafer with an intended alignment. A diffraction signal from the 
sets of gratings is measured, and a misalignment between the sets of gratings is determined 
based on the measured diffraction signal. The measured diffraction signal is compared to a 
generated set of diffraction signals as a reference or optical model. Accordingly, claims 1, 2, 
and 8 of the '426 patent include all the features of the count, and also include several features 
that would have been obvious to the person of ordinary skill in view of the count. Therefore, 
claims 1, 2, and 8 of the '426 patent correspond to the proposed count. 

The '084 Patent 

Dependent claim 1 8 of the '084 patent corresponds to the proposed count because 
claim 18 is identical to one alternative of the proposed count. Independent claim 1 and 
intervening dependent claim 12, from which claim 18 ultimately depends, would be obvious 
in view of claim 18; and, therefore, claims 1 and 12 correspond to the count. Dependent 
claim 79 of the '084 patent corresponds to the proposed count because claim 79 recites a 
system for performing the method of claim 18. Independent claim 70 and intervening 
dependent claims 77 and 78, from which claim 79 ultimately depends, would be obvious in 
view of claim 79; and, therefore, claims 70, 77, and 78 correspond to the count. 
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In addition to claim 1, independent claims 38 and 55 of the '084 patent are believed to 
correspond to the proposed count. Claims 38 and 55 recite various embodiments of the 
method of obtaining overlay measurements for a semiconductor wafer, wherein any 
differences between claims 38 and 55 and claim 1 are obvious variations known to persons of 
skill in the art. For example, claim 1 recites the first set of gratings are formed using a first 
mask and the second set of gratings are formed using a second mask; and claim 38 recites the 
first and second set of gratings are formed using separate masks. Dependent claims 2-9, 11, 
13, 15 - 17, 28 - 30, 32 . 34, 36, 39, 43, 44, 52, 53, 55, 57, 58, 60, 62, 63, 63, 68, and 69 are 
believed to correspond to the count. Claims 2 - 9, 1 1, 13, 15 - 17, 28 - 30, 32 - 34, 36, 39, 43, 
44, 52, 53, 55, 57, 58, 60, 62, 63, 68, and 69 depend from independent claims 1, 38, and 55 
and include all the features of these claims plus additional features that would have been 
obvious to the person of ordinary skill in view of the count. 

Dependent claims 71, 72, 74 - 76, 81, 83, and 84 are believed to correspond to the 
proposed count. Claims 71, 72, 74 - 76, 81, 83, and 84 depend fi-om claim 70, which 
corresponds to the count, and include all the features of this claim plus additional features that 
would have been obvious to the person of ordinary skill in view of the count. Independent 
claim 85 of the '084 patent is believed to correspond to the proposed count because claim 85 
recites a computer-readable storage medium containing computer instructions for performing 
the method of claim 1, which corresponds to the count. Dependent claims 87 - 89 and 91 are 
believed to correspond to the proposed count. Claims 87 - 89 and 91 depend from 
independent claim 85, which corresponds to the count, and include all the features of this 
claim plus additional features that would have been obvious to the person of ordinary skill in 
view of the count. 

Therefore, claims 1 - 9, 1 1 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 52, 53, 
55, 57, 58, 60, 62, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91 of the '084 patent correspond 
to the proposed count. 

The '005 Patent 

Independent claims 1, 36, and 57 are believed to correspond to the proposed count. 
For example, claim 1 recites a method of obtaining overlay measurements for a 
semiconductor wafer, including the steps of forming a period grating on a wafer, the grating 
having a first and second set of gratings by use of a first and a second mask; obtaining 
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polarization measurements of the first and second sets of gratings; and determining any 
overlay error between the first and second masks based on the measurements. As can be seen 
from Appendix B, that portion of the count derived from claim 1 of the '084 patent discloses 
the features recited in claim 1 of the '005 patent, with any variations being obvious to the 
person of ordinary skill in the art. Accordingly, independent claims 1, 36, and 57 should be 
designated as corresponding to the count. Dependent claims 2 - 3, 8, 13, 9, 10, 18 - 23, 27 - 
35, 37, 41 - 45, 49, 52 - 56, 61 - 65, and 69 are believed to correspond to the proposed count. 
Claims 2 - 3, 8, 13, 9, 10, 18 - 23, 27 - 35, 37, 41 - 45, 49, 52 - 56, 61 - 65, and 69 depend 
Irom claims 1, 36, and 57, which are asserted as corresponding to the count, and include all 
the features of these claims plus additional features that would have been obvious to the 
person of ordinary skill in view of the count. 

Independent claim 74 is believed to correspond to the proposed count because claim 
74 recites a system for performing the method of claim 1, which corresponds to the count. 
Dependent claims 75, 76, 78, 80 - 84, 88 - 95, 99, 101, and 102 are believed to correspond to 
the count. Claims 75, 76, 78, 80 - 84, 88 - 95, 99, 101, and 102 depend from claim 74, which 
corresponds to the count, and include all the features of this claim plus additional features that 
would have been obvious to the person of ordinary skill in view of the count. 

Independent claim 103 is believed to correspond to the proposed count because claim 
103 recites a computer-readable storage medium containing computer executable instructions 
for performing the method of claim 1, which corresponds to the proposed count. Dependent 
claims 104, 106 - 108, and 114 - 1 16 are believed to correspond to the proposed count. 
Claims 104, 106 - 108, and 1 14 - 1 16 depend fi-om claim 103, which corresponds to the 
count, and include all the features of this claim plus additional features that would have been 
obvious to the person of ordinary skill in view of the count. 

Therefore, claims 1 - 3, 8 - 10, 13, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 - 65, 69, 74 
- 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 114 - 1 16 of the ^005 patent 
correspond to the proposed count. 

The '464 Patent 

Independent claims 1 and 16 are believed to correspond to the proposed count. For 
example, claim 1 recites a method of obtaining overlay measurements, including forming a 
first and a second grating test pattern using a first and a second mask; wherein the first and 
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second grating test patterns have the same periodicity; measuring the first and second grating 
test patterns and measuring the alignment of the second mask to the first mask based on the 
measurement of the first and second grating test patterns. As can be seen fi-om Appendix B, 
that portion of the count derived from claim 1 of the '084 patent discloses the features recited 
in claim 1 of the *464 patent, with any variations being obvious to the person of ordinary skill 
in the art. Accordingly, independent claims 1 and 16 should be designated as corresponding 
to the proposed count. Dependent claims 2-15 and 17-20 are believed to correspond to the 
proposed count. Claims 2 - 15 and 17 - 20 depend from claims 1 and 16, which are asserted 
as corresponding to the count, and include all the features of these claims plus additional 
features that would have been obvious to the person of ordinary skill in view of the count. 

Independent claim 21 is believed to correspond to the proposed count because claim 
21 recites a structure formed on a semiconductor wafer for performing the method of claim 1, 
which corresponds to the count. Dependent claims 22 - 3 1 are believed to correspond to the 
proposed count. Claims 22-31 depend fi-om claim 21, which corresponds to the count, and 
include all the features of this claim plus additional features that would have been obvious to 
the person of ordinary skill in view of the count. 

Therefore, claims 1 - 31 of the '464 patent correspond to the proposed count. 

fd) Showing How the Claims of the 453 Application Correspond to The 
Proposed Count 

Claims 57, 58, and 61 of the '153 application are substantially identical to issued 
claims 1, 2, and 8, respectively, of the '426 patent. Claims 78- 133 are substantially identical 
to, and have been copied fi-om, claims 1 - 9, 1 1 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 
44, 52, 53, 55, 57, 58, 60, 62, 63, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91, respectively, 
of the '084 patent. Pending claims 134 - 204 are substantially identical to, and have been 
copied from, claims 1, 3, 8, 13, 9, 10, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 - 65, 69, 74 - 
76, 78, 80 - 84, 88 - 95, 99, 101 < 104, 106 - 108, and 114-1 16, respectively, of the '005 
patent. Claims 205 - 235 are substantially identical to, and have been copied from, claims 1 - 
31, respectively, of the '464 patent. Claims 236 - 259 are substantially identical to, and have 
been copied fi-om, claims 1 - 10, 15 - 19, 21 - 28, and 31, respectively, of the '464 patent. 

Accordingly, claims 57, 58, 61, and 78 - 259 correspond to the count for the same 
reasons as discussed above as regards the asserted claims of the '426, '084, '005, and '464 
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patents. 

fe) The Patents and the 453 Application use Different Terms to Describe the 
Same Invention 

The '426, *084, '005, and '464 patents and the '153 application are all directed to a 
system and method of obtaining overlay measurements for a semiconductor wafer, wherein a 
first grating and a second grating are formed on the wafer, and wherein a diffraction signal of 
the first and second gratings is measured for determining a misalignment between the first 
and second gratings and comparing the diffraction signal to determine a possible 
misalignment during the manufacture of the wafer. 

For example, claim 92 of the '153 application, which was substantially copied from 
claim 17 of the '084 patent, recites the set of diffraction signals being generated using 
modeling. Similarly, claim 140 of the '153 application, which was substantially copied from 
claim 13 of the '005 patent, recites the reference signal being generated using modeling. 
These features are disclosed in the respective patents at Col. 8, lines 7-22 and Col. 10, lines 
17-33, wherein the relationship between misalignment and the measured diffraction signal 
can be stored in various formats, including a data table, for subsequent comparison. 
Similarly, the '153 application discloses at paragraphs 8 and 64 that the misalignment or 
overlay misregistration between the structures can be determined from the measured signal as 
compared with a reference signal from a database. 

As another example where different terms are used to describe the same elements, 
claims 12, 38, 55, and 85 of the '084 patent recite generating a set of diffraction signals for a 
range of possible misalignments between the first and second sets of gratings. This feature is 
discussed in the '084 patent at least at Col. 5, line 54 - Col. 6, line 41 and Col. 8, lines 7-11, 
where a signal is directed onto a set of gratings and the resultant diffraction signal is 
measured for possible misalignment. The relationship between the diffraction signal and any 
misalignment can be determined by referencing a data table. Similarly, the '153 application 
discloses at least at paragraphs 0059, 0063, and 0076 a similar technique for measuring 
misalignment by providing a radiation beam onto periodic structures, with diffracted radiation 
from the illuminated structures providing an output signal. The diffracted radiation output 
signal is compared against a reference signal from a database to determine misalignment. 

All the features recited in the '153 claims are either disclosed in the originally filed 
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*153 application or would have been obvious to the person of ordinary skill at the time the 
'153 application was filed. To assist the Examiner in this regard, Applicant attaches 
Appendix A. Appendix A is a chart providing an element-by-element recitation of claims 55 
- 62 and 78 - 259 of the '153 application and an indication of at least some of the passages in 
the originally filed application where, at the very least, the claims find description. The 
citations are to the '153 application as published November 18, 2004. 

(3) (a) Claim Chart Comparing at Least One Claim of the Patents and One Claim of 
the 453 Application to the Count 

Appendix G is a claim chart comparing claim 18 of the '084 patent and claim 93 of 
the '153 application with the first alternative of the proposed count in independent form. 

Appendix H is a claim chart comparing claim 18 of the '084 patent and claim 93 of 
the '153 application with the second alternative of the proposed count in independent form. 

(b) Explanation Why the Claims Interfere Within the Meaning of 37 CFR 
S4L203(a) 

Dependent claim 93 of the '153 application, having been copied from claim 18 of the 
'084 patent, is substantially identical to claim 18 of the '084 patent and therefore is directed 
to the same subject matter as claim 18 of the '084 patent. Therefore, claim 93 of the '153 
application includes all and only the material features recited in claim 18 of the '084 patent. 
Accordingly, if the '153 application is viewed as prior art to the '084 patent, claim 93 of the 
' 1 53 application would anticipate at least claim 1 8 of the '084 patent because the two claims 
recite matching features. Correspondingly, if the '084 patent is viewed as prior art to the '153 
application, claim 18 of the '084 patent would anticipate at least claim 93 of the '153 
application because the two claims recite matching features. Therefore, claim 93 of the '153 
application and claim 18 of the '084 patent interfere within the meaning of 37 CFR § 
41.203(a). 

(4) Explanation Why the Applicants Will Prevail On Priority 

The '153 Abdulhalim application is entitled to priority back to U.S. Patent 
Application No. 09/833,084, filed April 10, 2001, In particular, the '153 application, as filed 
October 30, 2003, is a continuation of U.S. Patent Application No. 09/833,084, filed April 10, 
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2001 (which is now abandoned). Therefore, the specification of the ' 153 application is 
identical to the specification of the '084 application filed April 10, 2001 and has priority to at 
least April 10, 2001. 

The *426 Sezginer et al. patent claims priority back to U.S. Provisional Application 
No. 60/268,485, filed February 12, 2001. In particular, the '426 patent, filed February 12, 

2002 as U.S. Patent Application No. 10/074,561, asserts priority to U.S. Provisional 
Application No. 60/322,219, filed September 14, 2001; to U.S. Provisional Application No. 
60/295,1 1 1, filed June 1, 2001; and to U.S. Provisional Application No. 60/268,485, filed 
February 12, 2001 . Therefore, at best, the '426 Sezginer et al. patent claims to have a priority 
date no earlier than February 12, 2001 . However, the Applicants can show conception of the 
subject matter of the count prior to February 12, 2001 and diligence to a constructive 
reduction to practice on or about April 10, 2001. 

The '084 Bischoffet al. application was filed January 31, 2002, with no prior 
applications to which priority is claimed. 

The '005 Bischoffet al. application was filed May 2, 2002, with no prior application 
to which priority is claimed. 

The '464 Niu et al. patent claims priority back to U.S. Application Serial No. 
09/794,686, filed February 27, 2001. In particular, the '464 patent, filed December 17, 2003 
as U.S. Application Serial No. 10/739,660, asserts priority to U.S. Application Serial No. 
09/794,686, filed February 27, 2001 (which issued as U.S. Patent Serial No. 6,699,624). 
Therefore, at best, the '464 Niu et al. patent claims to have a priority date no earlier than 
February 27, 2001 . However, the Applicants can show conception of the subject matter of the 
count prior to February 12, 2001 and diligence to a constructive reduction to practice on or 
about April 10, 2001. 

(5) Claim Chart of Added Claims Showing the Written Description for Each Claim 
in the Applicants^ Specification 

Appendix A is a claim chart which shows examples of the written description in the 
Applicants' specification supporting each of the features recited in claims 55 - 62 and 78 - 
259. 
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(6) Chart Showing Where the Disclosure Provides a Constructive Reduction to 
Practice Within the Scope of the Interfering Subject Matter 

The specification of the '153 application was first filed April 10, 2001, thereby 
evidencing a constructive reduction to practice on at least that date. Appendix A is a claim 
chart showing examples of the constructive reduction to practice in Applicants' disclosure for 
each of the features recited in claims 57, 58, 61, and 78 - 259 that are asserted herein to be 
interfered by claims 1, 2, and 8 of the '426 Sezginer et al. patent; claims 1 - 9, 11 - 13, 15 - 
18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 52, 53, 55, 57, 58, 60, 62, 63, 68 - 72, 74 - 81, 83 - 85, 
87 - 89, and 91 of the '084 Bischoff et al. patent; claims 1 - 3, 8 - 10, 13, 18 - 23, 27 - 37, 41 - 
45, 49, 52 - 57, 61 - 65, 69, 74 - 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 1 14 - 
116 of the '005 Bischoff et al. patent; and claims 1 - 31 of the '464 Niu et al. patent. 

(7) The Requirements of 35 USC S 135(b) are Satisfied 

The '153 Abdulhalim application was filed with the U.S. Patent and Trademark Office 
on October 30, 2003, with a preliminary amendment substantially copying published claims 1 
-5, 7, 10- 13, 14, 16, 18-22, 24, and 26 - 30 of U.S. Application No. 10/074,561, said 
application having published on October 31, 2002. Published claims 3, 4, and 10 
subsequently issued, among other claims, on November 16, 2004 in U.S. Patent No. 
6,819,426 to Sezginer et al. as issued claims 1, 2, and 8. Claims 1, 2, and 8 of the '426 patent 
were timely copied into the '153 application within a year of the publication of these claims, 
thereby satisfying 35 USC § 135(b)(2). 

On August 2, 2005, claims 1 - 9, 11 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 44, 
52, 53, 55, 57, 58, 60, 62, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91 of U.S. Patent No. 
6,772,084 to Bischoff et al. were substantially copied into the '153 application. The '084 
patent issued August 3, 2004 with claims that were directed to different subject matter than 
the claims that earlier published under the '084 patent application. Accordingly, the 
requirements of 35 USC § 135(b)(1) have been satisfied. 

On October 1 1, 2005, claims 1 - 3, 8 - 10, 13, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 
- 65, 69, 74 - 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 114-116 of U.S. Patent 
No. 6,804,005 to Bischoff et al. were substantially copied into the '153 application. The '005 
patent issued October 12, 2004 with claims that were directed to substantially the same 
subject matter as published under the '005 patent application on November 6, 2003. 
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However, because the claims were copied into the '153 application, which has a filing date of 
October 30, 2003, the requirements of 35 USC § 135(b)(2) have been satisfied. 

On February 15, 2006, claims 1-31 of U.S. Patent No. 6,855,464 to Niu et al. were 
substantially copied into the '153 application. The '464 patent issued February 15, 2005 with 
claims that were directed to substantially the same subject matter as published under the '464 
patent application on July 15, 2004. However, because the claims were copied into the '153 
application, which has a filing date of October 30, 2003, the requirements of 35 USC § 
135(b)(2) have been satisfied. 

CONCLUSION 

Claims 57, 58, 61, and 78 - 259 were substantially copied from claims 1, 2, and 8 of 
the '426 Sezginer et al. patent; claims 1 - 9, 1 1 - 13, 15 - 18, 28 - 30, 32 - 34, 36, 38, 39, 43, 
44, 52, 53, 55, 57, 58, 60, 62, 63, 68 - 72, 74 - 81, 83 - 85, 87 - 89, and 91 of the '084 
Bischoflf et al. patent; claims 1 - 3, 8 - 10, 13, 18 - 23, 27 - 37, 41 - 45, 49, 52 - 57, 61 - 65, 
69, 74 - 76, 78, 80 - 84, 88 - 95, 99, 101 - 104, 106 - 108, and 1 14 - 116 of the '005 Bischoff 
et al. patent; and claims 1 - 3 1 of the '464 Niu et al. patent, as published and as allowed, and 
within the time limits of 35 USC § 135(b). 

If any additional fees are required in connection with this Response, please charge the 
same to our Deposit Account No. 50-25 1 8. 



Respectfully submitted. 



Bingham McCutchen, LLP 




Three Embarcadero Center 



San Francisco, CA 941 1 1-4067 
Telephone: (202)778-6150 
Facsimile: (202)778-6155 



Date: 



June 27. 2006 
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Appendix B 
The Proposed Count 



Claim 18 of U.S. Patent 
No. 6,772,084 


OR 


Claim 93 of Application 
No. 10/699,153 


1 . A method of obtaining overlay 
measurements for a semiconductor 
wafer, the method comprising: 




78. A method of obtaining overlay 
measurements for a semiconductor 
wafer, the method comprising: 


forming a periodic grating on 

the wafer having: 




forming a periodic grating on 
the wafer having: 


a first set of gratings, 




a first set of gratings. 


wherein the first set of 
gratings are formed on the wafer using 
a first mask, and 




wherein the first set of 
gratings are formed on the wafer using 
a first mask, and 


a second set of gratings, 




a second set of gratings, 


wherein the second set 
of gratings are formed on the wafer 
using a second maslc, 




wherein the second set 
of gratings are formed on the wafer 
using a second mask, 


wherein the first and 
second sets of gratings are intended to 
be formed on the wafer with an 
intended asymmetrical alignment when 
the first mask and second mask are in 
alignment; 




wherein the first and 
second sets of gratings are intended to 
be formed on the wafer with an 
intended asymmetrical alignment when 
the first mask and second mask are in 
alignment; 


selecting a wavelength; 






measuring a diffraction signal 
of the first and second sets of gratings 
after the first and second sets of 
gratings are formed on the wafer using 
the selected wavelength; and 




measuring a diffraction signal 
of the first and second sets of gratings 
after the first and second sets of 
gratings are formed on the wafer; and 


determining a misalignment 
between the first and second sets of 
gratings formed on the wafer based on 
the measured diffraction signal. 




determining a misalignment 
between the first and second sets of 
gratings formed on the wafer based on 
the measured diffraction signal. 


12. The method of claim 1 further 
comprising: 




88. The method of claim 78 further 
comprising: 


generating a set of diffraction 
signals for a range of possible 
misalignments between the first and 
second sets of gratings. 




generating a set of diffraction 
signals for a range of possible 
misalignments between the first and 
second sets of gratings. 


wherein each diffraction signal 
in the set corresponds to a different 
possible misalignment within the range 
of possible misalignments. 




wherein each diffraction signal 
in the set corresponds to a different 
possible misalignment within the range 
of possible misalignments. 


18. The method of claim 12, 
wherein the determining the 
misalignment between the first and 
second sets of gratings comprises: 




93 . The method of claim 88, 
wherein the determining the 
misalignment between the first and 
second sets of gratings comprises: 
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Claim 18 of U.S. Patent 
No. 6,772,084 


OR 


Claim 93 of Application 
No. 10/699,153 


comparing the measured 
diffraction signal to the generated set 
of diffraction signals; and 




comparing the measured 
diffraction signal to the generated set 
of diffraction signals; and 


determining the possible 
misalignment that corresponds to the 
diffraction signal from the generated 
set of diffraction signals that matches 
the measured diffraction signal. 




determining the possible 
misalignment that corresponds to the 

diffraction signal from the generated 
set of diffraction signals that matches 
the measured diffraction signal. 
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A ppendix C 

Interfering Claims of the 6>819,426 Sezginer et al. Patent 



1 . A method of measuring aligmnent accuracy between two or more patterned layers formed 
on a substrate comprising, 

forming test areas as part of the patterned layers, wherein a first diffraction grating is 
built into a patterned layer A and a second diffraction grating is built into a patterned layer B, 
where layers A and B are desired to be aligned with respect to each other, zero or more layers of 
other materials separating layers A and B, the two gratings substantially overlapping when 
viewed from a direction that is perpendicular to the surfaces of A and B; 

observing the overlaid diffraction gratings using an optical instrument capable of 
measuring any one or more of transmission, reflectance, or ellipsometric parameters as a 
function of any one or more of wavelength, polar angle of incidence, azimuthal angle of 
incidence, or polarization of the illimiination and detection; and 

determining the offset between the gratings from the measurements from the optical 
instrument using an optical model, wherein the optical model accounts for the diffraction of the 
electromagnetic waves by the gratings and the interaction of the gratings with each other's 
diffracted field; 

wherein at least one layer between the grating in layer A and the grating in layer B is 
opaque in the wavelength range of the optical instrument, and the presence of the grating in layer 
A causes a grating-shaped topography on the surface of the opaque layer. 

2. A method of measuring alignment accuracy between two or more patterned layers formed 
on a substrate comprising, 

forming test areas as part of the patterned layers, wherein a first diffraction grating is 
built into a patterned layer A and a second diffraction grating is built into a patterned layer B, 
where layers A and B are desired to be aligned with respect to each other, zero or more layers of 
other materials separating layers A and B, the two gratings substantially overlapping when 
viewed from a direction that is perpendicular to the surfaces of A and B; 

observing the overlaid diffraction gratings using an optical instrument capable of 
measuring any one or more of transmission, reflectance, or ellipsometric parameters as a 
function of any one or more of wavelength, polar angle of incidence, azimuthal angle of 
incidence, or polarization of the illumination and detection; and 

determining the offset between the gratings from the measurements from the optical 
instrument using an optical model, wherein the optical model accounts for the diffraction of the 
electromagnetic waves by the gratings and the interaction of the gratings with each other's 
diffracted field; 

wherein the optical model represents the electromagnetic field in the gratings and in the 
layers between the gratings as a sum of more than one diffracted orders. 

8. A method of measuring alignment accuracy between two or more patterned layers formed 
on a substrate comprising: 

forming test areas as part of the patterned layers, wherein a first diffraction grating is 
built into a patterned layer A and a second diffraction grating is built into a patterned layer B, 
where layers A and B are desired to be aligned with respect to each other, zero or more layers of 
other materials separating layers A and B, the two gratings substantially overlapping when 
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viewed from a direction that is perpendicular to the surfaces of A and B, 

observing the overlaid diffraction gratings using an optical instrument capable of 

measuring any one or more of transmission, reflectance, or ellipsometric parameters as a 

function of any one or more of wavelength, polar angle of incidence, azimuthal angle of 

incidence, or polarization of the illumination and detection; and 

determining the offset between the gratings from the measurements from the optical 

instrument using an optical model, wherein the optical model accounts for the diffraction of the 

electromagnetic waves by the gratings and the interaction of the gratings with each other's 

diffracted field; 

wherein at least one of the two gratings contains more than one line per pitch, the widths 
of the at least two lines in each pitch being substantially different from each other. 
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Appendix D 

Interfering Claims of the 6,772,084 Bischoff et aL Patent 

1 . A method of obtaining overlay measurements for a semiconductor wafer, the method 
comprising: 

forming a periodic grating on the wafer having: 
a first set of gratings, 

wherein the first set of gratings are formed on the wafer using a first mask, and 
a second set of gratings, 

wherein the second set of gratings are formed on the wafer using a second mask, 
wherein the first and second sets of gratings are intended to be formed on the 

wafer with an intended asymmetrical alignment when the first mask and second mask are in 

alignment; 

selecting a wavelength; 

measuring a diffraction signal of the first and second sets of gratings after the first and 
second sets of gratings are formed on the wafer using the selected wavelength; and 

determining a misalignment between the first and second sets of gratings formed on the 
wafer based on the measured diffraction signal 

2. The method of claim 1, wherein the measured diffraction signal is a zero-order 
diffraction. 

3. The method of claim 2, wherein only the zero-order diffraction is measured. 

4. The method of claim 1, wherein the diffraction signal is measured using an optical 
metrology system. 

5. The method of claim 4, wherein the optical metrology system includes an ellipsometer. 

6. The method of claim 4, wherein the optical metrology system includes a reflectometer. 

7. The method of claim 1, wherein the diffraction signal is measured using an incident 
signal with a normal incidence angle. 

8. The method of claim 1 , wherein the diffraction signal is measured using an incident 
signal with an oblique incidence angle. 

9. The method of claim 8, wherein the incident signal has an azimuthal angle of zero 
degrees. 

11. The method of claim 10, wherein measuring the diffraction signal includes: 
measuring the amplitude of the diffraction signal. 

12. The method of claim 1 further comprising: 

generating a set of diffraction signals for a range of possible misalignments between the 
first and second sets of gratings, 
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wherein each diffraction signal in the set corresponds to a different possible misalignment 
within the range of possible misalignments. 

13. The method of claim 12 further comprising: 

generating a response curve of the correspondence between the different possible 
misalignments of the first and second sets of gratings and the set of diffraction signals. 

15. The method of claim 12 further comprising: 

determining the intended asymmetric alignment between the first and second sets of 
gratings based on the generated set of diffraction signals and range of possible alignments. 

16. The method of claim 12, wherein the set of diffraction signals are generated empirically. 

17. The method of claim 12, wherein the set of diffraction signals are generated using 
modeling. 

1 8. The method of claim 12, wherein the determining the misalignment between the first and 
second sets of gratings comprises: 

comparing the measured diffraction signal to the generated set of diffraction signals; and 
determining the possible misalignment that corresponds to the diffraction signal from the 
generated set of diffraction signals that matches the measured diffraction signal. 

28. The method of claim 1, 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the first and second sets of gratings ahemate. 

29. The method of claim 28, 

wherein the ridges of the first and second sets of gratings include centerlines having a 
spacing between the centerlines of the ridges of the first and second sets of gratings, and 

wherein the first and second sets of gratings are symmetrically aligned when the spacing 
between the centerlines is uniform and asymmetrically aligned when the spacing between the 
centerlines is non-uniform. 

30. The method of claim 29, wherein the intended asymmetric alignment includes an offset 
from symmetrical alignment of the first and second sets of gratings. 

32. The method of claim 1 , 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings. 

33. The method of claim 32, 

wherein the ridges of the first and second sets of gratings include centerlines, and 
wherein the first and second sets of gratings are symmetrically aligned when the 
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centerlines of the ridges of the first and second sets of gratings are aligned and asymmetrically 
aligned when the centerlines are not aligned. 

34. The method of claim 33, wherein the intended asymmetric alignment includes an offset 
from symmetrical alignment of the first and second sets of gratings. 

36. The method of claim 1, wherein forming a periodic grating on the wafer comprises: 
forming a periodic grating in a first metrology field on the wafer; 
forming a periodic grating in a second metrology field on the wafer, 
wherein the first and second metrology fields are separated by a distance on the wafer; 
obtaining overlay measurements from the first and second metrology fields; and 
computing a tih error are based on the obtained overlay measurements. 

38. A method of obtaining overlay measurements for a semiconductor wafer using a periodic 
grating, the method comprising: 

forming a first set of gratings of the periodic grating on the wafer; 

forming a second set of gratings of the periodic grating on the wafer, 

wherein the first and second sets of gratings are formed using separate masks, and 

wherein the second set of gratings are intended to be formed on the wafer with an 

intended asymmetrical alignment from the first set of gratings when the separate masks are in 

alignment; 

generating a set of diffraction signals at a selected wavelength for a range of possible 
misalignments between the first and second sets of gratings, 

wherein each of the diffraction signal in the generated set of diffraction signals 
corresponds to a possible misalignment between the first and second sets of gratings; 

measuring a diffraction signal of the first and second sets of gratings after the first and 
second sets of gratings are formed on the wafer, 

wherein the diffraction signal is measured using the selected wavelength; and 

determining a misalignment between the first and second sets of gratings based on the 
measured diffraction signal and the generated set of diffi-action signals. 

39. The method of claim 38, wherein the determining the misalignment between the first and 
second sets of gratings comprises: 

comparing the measured diffraction signal to the generated set of diffraction signals; and 
determining the possible misalignment that corresponds to the diffraction signal from the 
generated set of diffraction signals that matches the measured diffraction signal. 

43. The method of claim 38, wherein the measured diffraction signal is a zero-order 
diffraction. 

44. The method of claim 38 further comprising: 

generating a plurality of sets of diffraction signals at various wavelengths, polarizations, 
and/or incidence angles. 

52. The method of claim 38, 

wherein the first and second sets of gratings include a plurality of ridges that alternate 
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with a spacing between the ridges, 

wherein the first and second sets of gratings are symmetrically aligned when the spacing 
between the ridges of the first and second sets of gratings is uniform and asymmetrically aligned 
when the spacing is non-uniform. 

53. The method of claim 38, 

wherein the first and second sets of gratings include a plurality of ridges with centerlines, 
wherein the ridges of the second set of gratings are formed on the ridges of the first set of 

gratings, and 

wherein the first and second sets of gratings are symmetrically aligned when the 
centerlines of the ridges of the first and second sets of gratings are aligned and asymmetrically 
aligned when the centerlines are not aligned. 

55. A method of obtaining overlay measurements for a semiconductor wafer using a periodic 
grating formed on the wafer, the method comprising: 

obtaining the wafer, wherein the period grating on the wafer comprises: 

a first set of grating that were formed on the wafer using a first mask, 
a second set of gratings that were formed on the wafer using a second mask, 
wherein the first and second sets of gratings were intended to be formed on the 
wafer with an asymmetric alignment when the first mask and second mask are in alignment; 

generating a set of diffraction signals at a selected wavelength for a plurality of possible 
misalignments between the first and second sets of gratings; 

measuring a diffraction signal of the first and second sets of gratings from the obtained 

wafer, 

wherein the diffraction signal is measured using the selected wavelength, and 
wherein the measured diffraction signal is a zero-order diffraction; 
comparing the measured diffraction signal to the generated set of diffraction signals; and 
determining an amount and direction of misalignment between the first and second sets 
of gratings on the obtained wafer based on the possible alignment that corresponds to the 
diffraction signal from the set of diffraction signals that matches the measured diffraction signal. 

57. The method of claim 55, 

wherein the periodic grating on the wafer further comprises: 

a first periodic grating oriented for obtaining overlay measurements in a first 
coordinate direction, and 

a second periodic grating oriented for obtaining overlay measurements in a 
second coordinate direction; and 

wherein measuring a diffraction signal further comprises: 

measuring a first diffraction signal from the first periodic grating, and 
measuring a second diffraction signal from the second periodic grating without 
rotating the wafer. 

58. The method of claim 57, wherein the measured diffraction signals and the generated 
diffraction signals have amplitude ratios, and wherein the amplitude ratios of the measured 
diffraction signals are compared with the amplitude ratios of the generated diffraction signals. 
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60. The method of claim 57, wherein the diffraction signals are measured using an oblique 
and conical incident signal. 

62. The method of claim 55, wherein the diffraction signal is measured using a normal 
incidence angle. 

63. The method of claim 55, wherein the diffraction signal is measured using an oblique 
incidence angle with an azimuthal angle of zero degrees. 

68. The method of claim 55, 

wherein the first and second sets of gratings include a plurality of ridges that alternate 
with a spacing between the ridges, 

wherein the first and second sets of gratings are symmetrically aligned when the spacing 
between the ridges of the first and second sets of gratings is uniform and asymmetrically aligned 
when the spacing is non-uniform. 

69. The method of claim 55, 

wherein the first and second sets of gratings include a plurality of ridges with centerlines, 
wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings, and 

wherein the first and second sets of gratings are symmetrically aligned when the 
centerlines of the ridges of the first and second sets of gratings are aligned and asymmetrically 
aligned when the centerlines are not aligned. 

70. A system to obtain overlay measurements of a semiconductor wafer, the system 
comprising: 

a periodic grating formed on the wafer comprising: 

a first set of gratings formed using a first mask, 

a second set of gratings formed using a second mask, and 

wherein the first and second sets of gratings are intended to be formed with an 
asymmetric alignment when the first mask and second mask are in alignment; and 
an optical metrology system comprising: 

a detector configured to measure a diffraction signal from the first and second sets 
of gratings using a selected wavelength, and 

a signal processing unit configured to determine a misalignment between the first 
and second sets of gratings based on the measured diffraction signal. 

71 . The system of claim 70, wherein the signal processing unit is configured to compare the 
measured diffraction signal to a set of diffraction signals generated for a plurality of possible 
alignments between the first and second sets of gratings. 

72. The system of claim 70, wherein the periodic grating further comprises: 
a first periodic grating oriented in a first coordinate direction; and 

a second periodic grating oriented in a second coordinate direction, 
wherein overlay measurements can be obtained in the first and second coordinate 
directions using the first and second periodic gratings without rotating the wafer. 
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74. The system of claim 72, wherein the optical metrology system comprises: 
a source configured to produce an oblique and conical incident signal. 

75. The system of claim 70, wherein the optical metrology system comprises: 
a source configured to produce a normal incident signal. 

76. The system of claim 70, wherein the optical metrology system comprises: 

a source configured to produce an incident signal having an oblique incidence angle and 
an azimuthal angle of zero degrees. 

77. The system of claim 70, wherein the periodic grating comprises: 

a first portion with the first and second sets of gratings having a first asymmetric 
alignment; and 

a second portion with the first and second sets of gratings having a second asymmetric 
alignment. 

78. The system of claim 77, 

wherein the detector is configured to measure a first diffraction signal from the first 
portion of the period grating and a second diffraction signal from the second portion of the 
periodic grating, and 

wherein the signal processor is configured to determine the amount and direction of 
misalignment between the first and second masks used to form the first and second sets of 
gratings based on the measured first and second diffraction signals. 

79. The system of claim 78, wherein the signal processor is configured to determine the 
alignment of the first and second sets of gratings by comparing the difference between the 
measured first and second diffraction signals to a set of difference signals generated for a 
plurality of possible misalignments between the first and second sets of gratings. 

80. The system of claim 78, wherein the periodic grating further comprises: 
a third portion having only the first set of gratings; and 

a fourth portion having only the second set of gratings. 

81. The system of claim 80, wherein the opfical metrology system comprises: 

a library of simulated-diffraction signals having a set of theoretical geometry of the first 
and second sets of gratings; 

wherein the detector is configured to measure a diffraction signal from the third portion 
and a diffraction signal from the fourth portion; and 

wherein the signal processing unit is configured to compare the measured diffraction 
signal to the simulated-diffraction signals to determine the geometry of the first and second sets 
of gratings. 

83. The system of claim 70, wherein the first and second sets of gratings include a plurality 
of ridges that alternate with a spacing between the ridges; and 
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wherein the first and second sets of gratings are symmetrically aligned when the spacing 
between the ridges of the first and second sets of gratings is uniform and asymmetrically aligned 
when the spacing is non-uniform. 

84. The system of claim 70, wherein the first and second sets of gratings include a plurality 
of ridges with centerlines; 

wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings; and 

wherein the first and second sets of gratings are symmetrically aligned when the 
centerlines of the ridges of the first and second sets of gratings are aligned and asymmetrically 
aligned when the centerlines are not aligned. 

85. A computer-readable storage medium containing computer executable instructions for 
causing a computer to obtain overlay measurements for a semiconductor wafer, comprising 
instructions for: 

measuring a diffraction signal at a selected wavelength of a first set of grating and a 
second set of gratings of a periodic grating formed on the wafer, wherein 

the first set of gratings were formed using a first mask, 

the second set of gratings were formed using a second mask, and 

wherein the first and second sets of gratings were intended to be formed on the wafer 
with an asymmetric alignment when the first mask and second mask are in alignment; 

generating a set of diffraction signals at the selected wavelength for a plurality of possible 
misalignments between the first and second sets of gratings; 

determining a misalignment of the first and second sets of gratings formed on the wafer 
based on the measured diffi-action signal and the generated set of diffraction signals; and 

determining the amount and direction of misalignment between the first and second 
masks based on the determined misalignment of the first and second sets of gratings formed on 
the wafer. 

87. The computer-readable storage medium of claim 85, further comprising instructions for: 
obtaining the geometry of the first set of gratings; and 

obtaining the geometry of the second set of gratings, 

wherein the generated set of diffraction signals is generated based on the obtained 
geometry of the first and second sets of gratings. 

88. The computer-readable storage medium of claim 87, further comprising instructions for: 
measuring diffraction signals of the first set of gratings; 

measuring diffraction signals of the second set of gratings; and 
comparing the measured diffraction signals to a library of simulated-diffraction signals 
having a set of theoretical geometry of the first and second sets of gratings. 

89. The computer-readable storage medium of claim 88, wherein the diffraction signals of 
the first set of gratings are measured from a third portion of the grating having only the first set 
of gratings, and the diffraction signals of the second set of gratings are measured from a fourth 
portion of the grating having only the second set of gratings. 
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91. The computer-readable storage medium of claim 85, further comprising instructions for: 
measuring a first diffraction signal from a first periodic grating; 

determining the amount and direction of misalignment between the first and second mask 
in a first coordinate direction using the first measured diffraction signal; 

measuring a second diffiraction signal from a second periodic grating without rotating the 
wafer; and 

determining the amount and direction of misalignment between the first and second mask 
in a second coordinate direction using the second measured diffi'action signal. 
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A ppendix E 

Interfering Claims of the 6,804>005 Bischoff et al. Patent 



1 . method of obtaining overlay measurements for a semiconductor wafer, the method 
comprising: 

forming a periodic grating on the wafer having: 
a first set of gratings, 

wherein the first set of gratings are formed on the wafer using a first mask, and 
a second set of gratings, 

wherein the second set of gratings are formed on the wafer using a second mask; 

obtaining zero-order cross polarization measurements of a portion of the periodic grating 
after forming the first and second sets of gratings; and 

determining any overlay error between the first and second masks used to form the first 
and second sets of gratings based on the obtained zero-order cross polarization measurements. 

2. The method of claim 1 , wherein obtaining zero-order cross polarization measurements 
comprises: 

obtaining a first zero-order cross polarization measurement; and 
obtaining a second zero-order cross polarization measurement, 

wherein the second zero-order cross polarization measurement has a polarization opposite 
that of the first zero-order cross polarization measurement. 

3. The method of claim 2, wherein the first and second zero-order cross polarization 
measurements are obtained from the same site on the periodic grating. 

8. The method of claim 2, wherein determining any overlay error comprises: 

comparing the difference between the first zero-order cross polarization measurement and 
the second zero-order cross polarization measurement, 

wherein an overlay error exists between the first and second masks when there is a 
difference between the first and second zero-order cross polarization measurements. 

9. The method of claim 2 further comprising: 

obtaining a set of first zero-order cross polarization measurements for a range of possible 
misalignments between the first and second masks; and 

obtaining a set of second zero-order cross polarization measurements for a range of 
possible misalignments between the first and second masks. 

1 0. The method of claim 9 further comprising: 

generating a first response curve based on the set of first zero-order cross polarization 
measurements, wherein the first response curve characterizes a relationship between the different 
possible misalignments of the first and second masks and the set of first zero-order cross 
polarization measurements; and 

generating a second response curve based on the set of second zero-order cross 
polarization measurements, 

wherein the second response curve characterizes a relationship between the different 
possible misalignments of the first and second masks and the set of second zero-order cross 
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polarization measurements. 



13. The method of claim 10, wherein the response curves are generated using modeling. 

18. The method of claim 2, wherein the first zero-order cross polarization measurement 
includes TE polarization and the second zero-order cross polarization measurement includes TM 
polarization. 

1 9. The method of claim 2, wherein the first zero-order cross polarization measurement 
includes TM polarization and the second zero-order cross polarization measurement includes TE 
polarization. 

20. The method of claim 1, wherein the zero-order cross polarization measurements are 
obtained using an optical metrology system. 

21. The method of claim 20, wherein the optical metrology system includes a reflectometer. 

22. The method of claim 20, wherein the optical metrology system includes an ellipsometer. 

23. The method of claim 22, wherein the ellipsometer includes: 
a polarizer; and 

an analyzer, 

wherein the polarizer and the analyzer are set to a first angular setting to obtain a first 
zero-order cross polarization measurement, and 

wherein the polarizer and the analyzer are set to a second angular setting to obtain a 
second zero-order cross polarization measurement. 

27. The method of claim 1 , 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the first and second sets of gratings ahemate. 

28. The method of claim 27, 

wherein the ridges of the first and second sets of grating include centerlines having a 
spacing between the centerlines of the ridges of the first and second sets of gratings; and 

wherein the first and second sets of gratings are formed with the spacing between the 
centerlines uniform when the first and second masks are aligned without an overlay error. 

29. The method of claim 1 , 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings. 

30. The method of claim 29, 

wherein the ridges of the first and second sets of gratings include centerlines, and 
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wherein the first and second sets of gratings are formed with the centerlines of the ridges 
aligned when the first and second masks are aligned without an overlay error. 

31. The method of claim 1, wherein the periodic grating is formed from isotropic materials. 

32. The method of claim 1, wherein the zero-order cross polarization measurements are 
obtained using an oblique and conical incident signal. 

33. The method of claim 1, wherein the first and second sets of gratings are formed from 
different materials and have the same height. 

34. The method of claim 1, wherein the first and second sets of gratings are formed from 
different materials and have different heights. 

35. The method of claim 1, wherein the first and second sets of gratings are formed from the 
same material and have different linewidths. 

36. A method of obtaining overlay measurements for a semiconductor wafer, the method 
comprising: 

forming a periodic grating on the wafer having: a first set of periodic gratings, and a 
second set of periodic gratings, 

wherein the first and second sets of periodic gratings are formed using separate masks; 

obtaining zero-order cross polarization measurements fi-om the periodic grating after 
forming the first and second sets of gratings, 

wherein the zero-order cross polarization measurements are obtained using an oblique 
and conical incident angle; and 

determining any overlay error associated with the formation of the first and second sets of 
gratings based on the obtained zero-order cross polarization measurements. 

37. The method of claim 36, wherein obtaining zero-order cross polarization measurements 
comprises: 

obtaining a first zero-order cross polarization measurement; and 
obtaining a second zero-order cross polarization measurement, 

wherein the second zero-order cross polarization measurement has a polarization opposite 
that of the first zero-order cross polarization measurement. 

41. The method of claim 37, wherein the first zero-order cross polarization measurement 
includes TE polarization and the second zero-order cross polarization measurement includes TM 
polarization. 

42. The method of claim 37, wherein the first zero-order cross polarization measurement 
includes TM polarization and the second zero-order cross polarization measurement includes TE 
polarization. 

43. The method of claim 37, wherein the first and second zero-order cross polarization 
measurements are obtained from a single site on the periodic grating. 
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44. The method of claim 37 further comprising: 

obtaining a set of first zero-order cross polarization measurements for a range of possible 
misalignments between the first and second gratings; and 

obtaining a set of second zero-order cross polarization measurements for a range of 
possible misalignments between the first and second gratings. 

45. The method of claim 44 further comprising: 

generating a first response curve based on the set of first zero-order cross polarization 
measurements; and 

generating a second response curve based on the set of second zero-order cross 
polarization measurements, 

wherein the first and second response curves characterize a relationship between the 
different possible misalignments of the first and second gratings and the zero-order cross 
polarization measurements. 

49. The method of claim 36, 

wherein the zero-order cross polarization measurements are obtained using an 
ellipsometer having: a polarizer; and an analyzer, 

wherein the polarizer and the analyzer are set to a first angular setting to obtain a first 
zero-order cross polarization measurement, and 

wherein the polarizer and the analyzer are set to a second angular setting to obtain a 
second zero-order cross polarization measurement. 

52. The method of claim 36, 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the first and second sets of gratings alternate. 

53. The method of claim 52, 

wherein the ridges of the first and second sets of grating include centerlines having a 
spacing between the centerlines of the ridges of the first and second sets of gratings; and 

wherein the first and second sets of gratings are formed with the spacing between the 
centerlines nonuniform when an overlay error exists. 

54. The method of claim 36, 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings. 

55. The method of claim 54, 

wherein the ridges of the first and second sets of gratings include centerlines, and 
wherein the first and second sets of gratings are formed with the centerlines of the ridges 
misaligned when an overlay error exists. 



E-4 



56. The method of claim 36, wherein the periodic grating is formed from isotropic materials. 

57. A method of obtaining overlay measurements for a semiconductor wafer having a 
periodic grating with a first set of gratings and a second set of gratings, the method comprising: 

obtaining a first zero-order cross polarization measurement from the periodic grating; and 
obtaining a second zero-order cross polarization measurement from the periodic grating, 
wherein the first and second zero-order cross polarization measurements are obtained 

using an oblique and conical incident angle, 

wherein the first and second zero-order cross polarization measurements are obtained 

firom a single site on the periodic grating, and 

wherein the second zero-order cross polarization measurement has a polarization opposite 

that of the first zero-order cross polarization measurement; and 

determining any overlay error associated with the formation of the first and second sets of 

gratings based on the obtained first and second zero-order cross polarization measurements. 

61 . The method of claim 57, wherein the first zero-order cross polarization measurement 
includes TE polarization and the second zero-order cross polarization measurement includes TM 
polarization. 

62. The method of claim 57, wherein the first zero-order cross polarization measurement 
includes TM polarization and the second zero-order cross polarization measurement includes TE 
polarization. 

63. The method of claim 57, wherein the periodic grating is formed from isotropic materials. 

64. The method of claim 57 further comprising: 

obtaining a set of first zero-order cross polarization measurements for a range of possible 
misahgnments between the first and second gratings; and 

obtaining a set of second zero-order cross polarization measurements for a range of 
possible misalignments between the first and second gratings. 

65. The method of claim 64 further comprising: 

generating a first response curve based on the set of first zero-order cross polarization 
measurements; and 

generating a second response curve based on the set of second zero-order cross 
polarization measurements, 

wherein the first and second response curves characterize a relationship between the 
different possible misalignments of the first and second gratings and the zero-order cross 
polarization measurements. 

69. The method of claim 57, 

wherein the first and second zero-order cross polarization measurements are obtained 
using an ellipsometer having: 

a polarizer; and 

an analyzer, 
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wherein the polarizer and the analyzer are set to a first angular setting to obtain the first 
zero-order cross polarization measurement, and 

wherein the polarizer and the analyzer are set to a second angular setting to obtain the 
second zero-order cross polarization measurement. 

74. A system to obtain overlay measurements of a semiconductor wafer, the system 
comprising: 

a periodic grating formed on the wafer comprising: 

a first set of gratings formed using a first mask, 

a second set of gratings formed using a second mask; and 

an optical metrology system configured to: 

obtain zero-order cross polarization measurements from the periodic 
grating after the first and second sets of gratings are formed on the wafer, and 

determine any overlay error between the first and second masks used to 
form the first and second sets of gratings based on the obtained zero-order cross polarization 
measurements. 

75. The system of claim 74, wherein the optical metrology system is configured to: 
obtain a first zero-order cross polarization measurement; and 

obtain a second zero-order cross polarization measurement, 

wherein the second zero-order cross polarization measwement has a polarization opposite 
that of the first zero-order cross polarization measurement. 

76. The system of claim 75, wherein the first and second zero-order cross polarization 
measurements are obtained from the same site on the periodic grating. 

78. The system of claim 75, wherein the optical metrology system is configured to: 

compare the difference between the first zero-order cross polarization measurement and 

the second zero-order cross polarization measurement, 

wherein an overlay error exists when there is a difference between the first and second 

zero-order cross polarization measurements. 

80. The system of claim 75, wherein the first zero-order cross polarization measurement 
includes TE polarization and the second zero-order cross polarization measurement includes TM 
polarization. 

81 . The system of claim 75, wherein the first zero-order cross polarization measurement 
includes TM polarization and the second zero-order cross polarization measurement includes TE 
polarization. 

82. The system of claim 74, wherein the optical metrology system includes a reflectometer. 

83. The system of claim 74, wherein the optical metrology system includes an ellipsometer. 

84. The system of claim 83, wherein the ellipsometer includes: 
a polarizer; and 
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an analyzer, 

wherein the polarizer and the analyzer are set to a first angular setting to obtain a first 
zero-order cross polarization measurement, and 

wherein the polarizer and the analyzer are set to a second angular setting to obtain a 
second zero-order cross polari2:ation measurement. 

88. The system of claim 74, 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein tiie ridges of the first and second sets of gratings alternate. 

89. The system of claim 88, 

wherein the ridges of the first and second sets of grating include centerlines having a 
spacing between the centerlines of the ridges of the first and second sets of gratings; and 

wherein the first and second sets of gratings are formed with the spacing between the 
centerlines uniform when the first and second masks are aligned without an overlay error. 

90. The system of claim 74, 

wherein the first and second sets of gratings include a plurality of ridges that repeat at a 
periodic interval, and 

wherein the ridges of the second set of gratings are formed on the ridges of the first set of 
gratings. 

91 . The system of claim 90, 

wherein the ridges of the first and second sets of gratings include centerlines, and 
wherein the first and second sets of gratings are formed v^th the centerlines of the ridges 
aligned when the first and second masks are aligned vdthout an overlay error. 

92. The system of claim 74, wherein the periodic grating is formed from isotropic materials. 

93. The system of claim 74, wherein the optical metrology system obtains the zero-order 
cross polarization measurements using an oblique and conical incident signal. 

94. A system to obtain overlay measurements of a semiconductor wafer having a periodic 
grating with a first set of gratings and a second set of gratings, the system comprising: 

an optical metrology system configured to: 

obtain a first zero-order cross polarization measurement from a site on the 
periodic grating; 

obtain a second zero-order cross polarization measurement from the same site on 
the periodic grating as the first zero-order cross polarization measurement; and 

determine any overlay error associated with the formation of the first and second 
sets of gratings based on the obtained first and second zero-order cross polarization 
measurements. 

95. The system of claim 94, wherein the optical metrology system includes: 
a polarizer; and 
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an analyzer, 

wherein the polarizer and the analyzer are set to a first angular setting to obtain the first 
zero-order cross polarization measurement, and 

wherein the polarizer and the analyzer are set to a second angular setting to obtain the 
second zero-order cross polarization measurement. 

99. The system of claim 94, 

wherein the optical metrology system is configured to: compare the difference between 
the first zero-order cross polarization measurement and the second zero-order cross polarization 
measurement, 

wherein an overlay error exists when there is a difference between the first and second 
zero-order cross polarization measurements. 

101. The system of claim 94, wherein the periodic grating is formed from isotropic materials. 

102. The system of claim 94, wherein the optical metrology system obtains the zero-order 
cross polarization measurements using an oblique and conical incident signal. 

103. A computer-readable storage medium containing computer executable instructions for 
causing a computer to obtain overlay measurements for a semiconductor wafer, comprising 
instructions for: 

obtaining zero-order cross polarization measurements from a periodic grating formed on 
the wafer, 

wherein a first set of gratings of the periodic grating are formed on the wafer using a first 
mask, and 

wherein a second set of gratings of the periodic grating are formed on the wafer using a 
second mask; and 

determining any overlay error between the first mask and the second mask used to form 
the first and second sets of gratings based on the obtained zero-order cross polarization 
measurements. 

104. The computer-readable storage mediimi of claim 103, wherein obtaining zero-order cross 
polarization measurements comprises: 

obtaining a first zero-order cross polarization measurement; and 
obtaining a second zero-order cross polarization measurement, 

wherein the second zero-order cross polarization measurement has a polarization opposite 
that of the first zero-order cross polarization measurement. 

106. The computer-readable storage medium of claim 104, wherein determining any overlay 
error comprises: 

comparing the difference between the first zero-order cross polarization measurement and 
the second zero-order cross polarization measurement, 

wherein an overlay error exists between the first and second masks when there is a 
difference between the first and second zero-order cross polarization measurements. 

107. The computer-readable storage medium of claim 104 further comprising: 
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obtaining a set of first zero-order cross polarization measurements for a range of possible 
misalignments between the first and second masks; and 

obtaining a set of second zero-order cross polarization measurements for a range of 
possible misalignments between the first and second masks. 

108. The computer-readable storage medium of claim 107 further comprising: 

generating a first response curve based on the set of first zero-order cross polarization 
measurements, 

wherein the first response curve characterizes a relationship between the different 
possible misalignments of the first and second masks and the set of first zero-order cross 
polarization measurements; and 

generating a second response curve based on the set of second zero-order cross 
polarization measurements, 

wherein the second response curve characterizes a relationship between the different 
possible misalignments of the first and second masks and the set of second zero-order cross 
polarization measurements. 

1 14. The computer-readable storage medium of claim 104, wherein the first zero-order cross 
polarization measurement includes TE polarization and the second zero-order cross polarization 
measurement includes TM polarization. 

115. The computer-readable storage medium of claim 104, wherein the first zero-order cross 
polarization measurement includes TM polarization and the second zero-order cross polarization 
measurement includes TE polarization. 

116. The computer-readable storage medium of claim 104, wherein the first and second zero- 
order cross polarization measurements are obtained from a single site on the periodic grating. 
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Appendix F 

Interfering Claims of the 6^855.464 Niu et ai. Patent 



1 . A method of obtaining overlay measurements, the method comprising: 
forming a first grating test pattern using a first layer mask; 

forming a second grating test pattern using a second layer mask, wherein the first and 
second grating test patterns have the same periodicity; 

measuring the first and second grating test patterns using an optical metrology 
equipment; and 

measuring the alignment of the second layer mask to the first layer mask based on the 
measurement of the first and second grating test patterns. 

2. The method of claim 1 , wherein grating lines of the second grating test pattern are formed 
on top of grating lines of the first grating test pattern. 

3. The method of claim 2, 

wherein a first distance measures a gap from a left edge of a first grating line of the first 
grating test pattern to a left edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the second grating test pattern is formed on top of the first 
grating line of the first grating test pattern. 

4. The method of claim 3, wherein a second distance measures a gap from the right edge of 
the first grating line of the first grating test pattern to the right edge of the first grating line of the 
second grating test pattern. 

5. The method of claim 2, fiirther comprising: 

forming one or more material layers between the first grating test pattern and the second 
grating test pattern. 

6. The method of claim 1, wherein grating lines of the second grating test pattern are 
interlaced with grating lines of the first grating test pattern. 

7. The method of claim 6, 

wherein a first distance measures a gap from a right edge of a first grating line of the first 
grating test pattern to a left edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the second grating test pattern is formed adjacent to the 
first grating line of the first grating test pattern. 

8. The method of claim 7, 

wherein a second distance measures a gap from a right edge of the first grating line of the 
second grating test pattern to a left edge of a second grating line of the first grating test pattern, 

wherein the first grating line of the second grating test pattern is formed between the first 
and second grating lines of the first grating test pattem. 

9. The method of claim 6, fiirther comprising: 
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forming one or more material layers between the first grating test pattern and the second 
grating test pattern. 

10. The method of claim 1, wherein the first and second grating test patterns include: 
a first grating having grating lines in a first orientation; and 

a second grating having grating lines in a second orientation perpendicular to the first 
orientation, wherein the second grating is adjacent to the first grating. 

11. The method of claim 10, wherein the first and second grating test patterns include: 

a third grating having grating lines in a third orientation, wherein the third orientation is 
45 degrees relative to the first orientation; and 

a fourth grating having grating lines in a fourth orientation perpendicular to the third 
orientation, wherein the fourth grating is adjacent to the third grating and the second grating. 

12. The method of claim 11, wherein the first, second, third, and fourth gratings are 
quadrants in a four-quadrant test pattern formed on a semiconductor wafer. 

13. The method of claim 12, wherein measuring the first and second grating test patterns 
comprises: 

measuring the first, second, third, and fourth gratings without rotating or reloading the 
semiconductor wafer. 

14. The method of claim 13, wherein measuring the ahgnment of the second layer mask to 
the first layer mask comprises: 

measuring the alignment in the first, second, third, and fourth orientations based on the 
measurement of the first, second, third, and fourth gratings. 

15. The method of claim 1, wherein the optical metrology equipment is a spectroscopic 
reflectometer or a spectroscopic ellipsometer. 

16. A method of obtaining overlay measurements, the method comprising: 
forming a first grating test pattern using a first layer mask; 

forming a second grating test pattern using a second layer mask, 

wherein the first and second grating test patterns have the same periodicity, and 

wherein the first and second grating test patterns have: 

a first grating having grating lines in a first orientation, and 
a second grating having grating lines in a second orientation perpendicular to the 
first orientation; 

measuring the first and second grating patterns including the first and second gratings 
using an optical metrology equipment; and 

measuring the alignment of the second layer mask to the first layer mask in the first and 
second orientations based on the measurement of the first and second grating patterns including 
the first and second gratings. 

1 7. The method of claim 1 6, 
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wherein a first distance measures a gap fi-om a left edge of a first grating line of the first 
grating test pattern to a left edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the first grating test pattern is formed on top of the first 
grating line of the second grating test pattern, and 

wherein a second distance measures a gap from the right edge of the first grating line of 
the first grating test pattern to the right edge of the first grating line of the second grating test 
pattern. 

18. The method of claim 16, 

wherein a first distance measures a gap from a right edge of a first grating line of the first 
grating test pattern to a left edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the second grating test pattern is formed adjacent to the 
first grating line of the first grating test pattern, 

wherein a second distance measures a gap from a right edge of the first grating line of the 
second grating test pattern to a left edge of a second grating line of the first grating test pattern, 
and 

wherein the first grating line of the second grating test pattern is formed between the first 
and second grating lines of the first grating test pattern. 

19. The method of claim 16, 

wherein the first and second gratings are formed on a semiconductor wafer, and 
wherein the first and second gratings are measured using the optical metrology equipment 
without reloading the semiconductor wafer. 

20. The method of claim 16, wherein the first and second grating test patterns include: 
a third grating having grating lines in a third orientation, 

wherein the third orientation is 45 degrees relative to the first orientation; and 
a fourth grating having grating lines in a fourth orientation perpendicular to the third 
orientation. 

21 . A structure formed on a semiconductor wafer for obtaining overlay measurements, the 
structure comprising: 

a first grating test pattern formed on the semiconductor wafer using a first layer mask; 

and 

a second grating test pattern formed on the semiconductor wafer using a second layer 

mask, 

wherein the first and second grating test patterns have the same periodicity, wherein the 
first and second grating test patterns are measured using an optical metrology equipment, and 

wherein the alignment of the second layer mask to the first layer mask is measured based 
on the measurement of the first and second grating test patterns. 

22. The structure of claim 21, wherein grating lines of the second grating test pattern are 
formed on top of grating lines of the first grating test pattern. 

23. The structure of claim 22, further comprising: 
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a first gap from a left edge of a first grating line of the first grating test pattern to a left 
edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the second grating test pattern is formed on top of the first 
grating line of the first grating test pattern; and 

a second gap from the right edge of the first grating line of the first grating test pattern to 
the right edge of the first grating line of the second grating test pattern. 

24. The structvire of claim 22, further comprising: 

one or more material layers formed between the first grating test pattern and the second 
grating test pattern. 

25. The structure of claim 21, wherein grating lines of the second grating test pattern are 
interlaced with grating lines of the first grating test pattern. 

26. The structure of claim 25, further comprising: 

a first gap from a right edge of a first grating line of the first grating test pattern to a left 
edge of a first grating line of the second grating test pattern, 

wherein the first grating line of the second grating test pattern is formed adjacent to the 
first grating line of the first grating test pattern; and 

a second gap from a right edge of the first grating line of the second grating test pattern to 
a left edge of a second grating line of the first grating test pattern, 

wherein the first grating line of the second grating test pattern is formed between the first 
and second grating lines of the first grating test pattern. 

27. The structure of claim 25, further comprising: 

one or more material layers formed between the first grating test pattern and the second 
grating test pattern. 

28. The structure of claim 2 1 , wherein the first and second grating test patterns include: 
a first grating having grating lines in a first orientation; and 

a second grating having grating lines in a second orientation perpendicular to the first 
orientation, 

wherein the second grating is adjacent to the first grating. 

29. The structure of claim 28, wherein the first and second grating test patterns include: 
a third grating having grating lines in a third orientation, 

wherein the third orientation is 45 degrees relative to the first orientation; and 
a fourth grating having grating lines in a fourth orientation perpendicular to the third 
orientation, 

wherein the fourth grating is adjacent to the third grating and the second grating. 

30. The structure of claim 29, wherein the first, second, third, and fourth gratings are 
quadrants in a four-quadrant test pattern formed on the semiconductor wafer. 

31. The structure of claim 21, wherein the optical metrology equipment is a spectroscopic 
reflectometer or a spectroscopic ellipsometer. 
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